Background Conversion therapy is an option for unresectable metastatic gastric cancer when distant metastases are controlled by chemotherapy; however, the feasibility and efficacy remain unclear. This study aimed to assess the feasibility and efficacy of conversion therapy in patients with initially unresectable gastric cancer treated with docetaxel, cisplatin, and S-1 (DCS) chemotherapy by evaluating clinical outcomes.
Abstract Background Conversion therapy is an option for unresectable metastatic gastric cancer when distant metastases are controlled by chemotherapy; however, the feasibility and efficacy remain unclear. This study aimed to assess the feasibility and efficacy of conversion therapy in patients with initially unresectable gastric cancer treated with docetaxel, cisplatin, and S-1 (DCS) chemotherapy by evaluating clinical outcomes.
Methods One hundred unresectable metastatic gastric cancer patients, enrolled in three DCS chemotherapy clinical trials, were retrospectively evaluated. The patients received oral S-1 (40 mg/m 2 b.i.d.) on days 1-14 and intravenous cisplatin (60 mg/m 2 ) and docetaxel (50-60 mg/m
Introduction
Gastric cancer is the second most common cause of cancer death worldwide [1] and has the highest incidence of any cancer in Japan. Surgical resection during the early stage has improved the treatment outcomes of localized gastric cancer, with long-term disease-free survival achieved in many cases [2, 3] . However, many patients have recurrences or are diagnosed with distant metastasis unsuitable for curative surgery, and these patients have extremely poor prognoses [4, 5] . For such patients, systemic chemotherapy is the only potential treatment; however, it is mainly administered to provide palliation and prolong survival. During the last decade, several new agents with promising activity against gastric cancer have been identified, including S-1, docetaxel, oxaliplatin, and irinotecan [6] . In western countries, the most commonly used treatments for unresectable metastatic gastric cancer are combination chemotherapy regimens comprising fluoropyrimidine or an oral fluoropyrimidine] plus a platinum agent, although docetaxel or anthracyclines are sometimes combined [7, 8] . In Japan, S-1 plus cisplatin is currently recognized as a standard treatment for unresectable and metastatic gastric cancer with an overall survival (OS) of 13 months in the SPIRITS trial [9] .
These developments have raised new clinical issues in the treatment of incurable gastric cancer. In some patients, incurable disease apparently disappears or is well controlled during primary chemotherapy. For such patients, surgery to excise any macroscopically remaining disease with curative intent may be possible. In fact, it has recently been reported that conversion from unresectable to resectable metastatic colorectal cancer through advances in systemic chemotherapy, termed ''conversion therapy,'' can improve the prognosis [10] to a 5-year survival rate of 30-50 % [11] . Conversion therapy is currently regarded as a standard modality in the multidisciplinary treatment of metastatic colorectal cancer patients.
However, the feasibility and efficacy of conversion therapy with curative surgery remain unclear in patients with unresectable metastatic gastric cancer. Conversion therapy is defined as surgical treatment aimed at R0 resection post-chemotherapy for tumors originally considered unresectable or marginally resectable for technical and/or oncological reasons [12] . This type of surgery for gastric cancer, also known as conversion surgery [13] , secondary gastrectomy [14] , or adjuvant surgery [15] , appears potentially beneficial in terms of patient survival; however, it remains unclear whether such treatment can be conducted safely and with certainty and to what extent patient survival is prolonged. Moreover, the indications, most appropriate chemotherapy regimens, and timing of the operation remain to be clarified, as there is a paucity of information on the value of conversion therapy postchemotherapy in gastric cancer patients, mainly because of insufficient responses to various chemotherapy regimens.
We previously conducted phase I and II studies to evaluate the effect of adding docetaxel to base treatment with S-1 plus cisplatin (DCS) as a means to further improve the therapeutic response. Both a very high response rate (87.1 %) and a promising median survival time (MST; 687 days) in patients with unresectable advanced gastric cancer were noted [16, 17] . During these trials, we encountered patients whose responses were sufficient to undergo curative surgery after DCS chemotherapy. Furthermore, we reported that neoadjuvant treatment with DCS combination for locally advanced gastric cancer demonstrated a sufficient R0 resection rate and a good pathological response, with manageable toxicities [18] . Accordingly, DCS is considered a highly promising regimen for achieving conversion therapy for unresectable gastric cancer. The purpose of the present study was to examine the possibility of such conversion therapy by retrospectively examining the conversion rate and prognosis in patients with initially unresectable gastric cancer treated with the DCS regimen.
Patients and methods

Selection criteria and treatments
From December 2002 to April 2014, our group enrolled 100 gastric cancer patients in three consecutive trials [18, 36 , and 46 patients in the phase I study [16] , phase II study of DCS [17] , and phase II study of modified-dose DCS (UMIN000002361)]. The main selection criteria in all three trials were: (1) histologic confirmation of stomach adenocarcinoma; (2) unresectable distant metastatic disease [M1 stage, Japanese Classification of Gastric Carcinoma [19] (JGCA v. . These treatments were repeated until unacceptable toxicity, disease progression, patient refusal, or a response that enabled conversion therapy with curative operation was observed. Metastatic lesions (M1) were judged to be absent post-DCS chemotherapy according to the findings of conventional examinations such as computed tomography, ultrasonography, or magnetic resonance imaging. Further examinations using radionuclide bone scintigraphy and/or (18F)-fluoro-2-deoxy-D-glucose-positron emission tomography/computed tomography were performed, if clinically indicated, to exclude M1 disease. Staging laparoscopy was also performed as needed to exclude occult M1 disease in the peritoneum or other intraabdominal sites. Surgical resection was classified as curative when no evidence of disease was found after surgery. In downstaged patients, conversion therapy was considered when R0 resection was deemed possible by gastrectomy with more than D2 lymph node (LN) dissection. When the previous metastatic site included the para-aortic nodes, additional dissection of the para-aortic nodes was performed if possible. Non-downstaged patients whose lesions were judged to be curatively resectable by extended surgery (combined resection) were also considered for conversion therapy. In this process, a multidisciplinary team comprising medical oncologists and surgeons re-evaluated all potentially resectable cancers to define the best resection strategy. Conversion therapy was performed within 6 weeks of the last chemotherapy cycle. In this study, palliative surgery was not evaluated. Therefore, chemotherapy was continued if non-curative factors were recognized following assessment by laparoscopy or laparotomy. After conversion therapy, we restarted and continued chemotherapy at the attending physician's discretion (regimens with S-1 or docetaxel plus S-1 were most frequently used).
Assessment and follow-up
Toxicity was evaluated according to the Common Toxicity Criteria for Adverse Events (version 3.0). Responses were assessed after each cycle according to the response evaluation criteria in solid tumors guidelines (version 1.0) and for primary lesions according to the guidelines of the Japanese classification of gastric carcinoma [20] . The pathological response to chemotherapy was classified according to the following Japanese gastric cancer association criteria [21] : grade 0, no part of the tumor affected; grade 1a, less than one-third affected; grade 1b, between one-third and two-thirds affected; grade 2, more than twothirds affected; and grade 3, no residual tumor. Pathological response was defined as one-third or more of the tumor affected (grade 1b, 2, or 3). Postoperatively, all patients underwent computed tomography at least every 3 months during the first 3 years, followed by every 6 months until 5 years post-surgery.
Statistics
Patient characteristics and chemotherapy results were compared using the chi-square test for heterogeneity or with Fisher's exact test when appropriate. We calculated the cumulative OS rates by the Kaplan-Meier method and compared the survival curves with the log-rank test. OS was estimated from chemotherapy initiation to the date of death or the last follow-up. We subjected significant variables from the log-rank test (P values \0.05) to multivariate Cox proportional hazard regression analysis to assess the independence of the prognostic factors. In the multivariate analysis, we calculated the hazard ratio with 95 % confidence intervals (CIs). All statistical analyses were performed using JMP software, version 8.0 (SAS Institute, Cary, NC), and P values \0.05 were considered significant.
Results
Clinicopathological characteristics and clinical results
Patients' demographic characteristics are outlined in Table 1 . The patients included 71 males (71 %) and 29 females (29 %) (median age, 63 years; range, 26-78 years). Most patients were in good general condition (74 % had a performance status of 0 or 1). Histologically, 39 (39 %) patients had intestinal-type and 61 (61 %) had diffuse-type tumors. The reasons for unresectability included distant LN metastasis in 61 (61 %) patients (para-aortic LN, n = 59; Virchow's LN, n = 5; mediastinal LN n = 2), peritoneal metastasis in 33 (33 %) (including 2 patients with positive peritoneal lavage cytology determined by staging laparoscopy), liver metastasis in 29 (29 %), bone metastasis in 6 (6 %), lung metastasis in 6 (6 %), ovary metastasis in 5 (5 %), and unresectable T4 lesions in 14 patients (14 %) (liver, n = 6; colon, n = 5; pancreas, n = 3) with distant LN metastasis. Fifty-three patients had [1 factor indicating incurable tumors. A total of 642 chemotherapy cycles (median 6, range 1-12) were administered. The overall response rate was 81 % (95 % CI 73.3-88.7 %) with 3 complete (3 %) and 78 partial responses (78 %). There were 19 cases of stable disease (19 %), but no case of progressive disease. The incidence rates of hematological grade 3/4 adverse events were as follows: leukocytopenia 63 %, neutropenia 75 %, anemia 12 %, thrombocytopenia 10 %, and febrile neutropenia 12 %. Non-hematological grade 3 or higher adverse events included anorexia (34.0 %), nausea (32.0 %), and diarrhea (14.0 %). There were no chemotherapy-related deaths. All treatment-related toxicities were resolved with appropriate care, and no treatment-related deaths were observed.
Clinical course to conversion therapy
A flow diagram of the patients' treatment course is shown in Fig. 1 . Thirty-three patients (33 %) achieved conversion therapy, including five patients who received secondConversion therapy for inoperable advanced gastric cancer patients by docetaxel, cisplatin… 519
line chemotherapy (CPT-11, n = 1; CPT-11 plus cisplatin, n = 4). Thus, the conversion rate was 33 % in this cohort.
Characteristics and chemotherapy results of the patients undergoing and not undergoing conversion therapy
The demographic and clinical characteristics and chemotherapy results are summarized in Table 2 . In the patient characteristics at baseline, no significant differences were observed in terms of age, sex, histologic type, tumor location, T stage, nodal status, chemotherapy cycles, and distant metastasis between the two groups, whereas significant differences in performance status and a number of non-curative factors were noted. Among those who underwent conversion therapy, 32 patients (97 %) displayed a major response (2 complete and 30 partial responses), which was significantly better than in those who did not receive conversion therapy. In terms of treatment-related toxicities, no significant differences were observed between the groups.
Surgery and pathologic results
Among the 33 conversion therapy patients, R0 resection was performed in 28 (84.8 %) and R1 or R2 resection in 5 (positive peritoneal cytology in 2, unresectable ovarian metastasis, pancreas invasion, and peritoneal metastasis in 1 case each, respectively). Furthermore, total gastrectomy was performed in 29 (87.9 %) and distal gastrectomy in 4 (12.1 %) of these patients, who received more than D2 LN dissection (Table 3) . Among the nine conversion cases with peritoneal metastasis, staging laparoscopy was performed in six cases, revealing the disappearance of the metastasis. Among the six patients with liver metastases, two underwent partial hepatectomies with a complete pathological response, and two were treated with radiofrequency ablation, after which the metastatic lesions completely disappeared. Extensive resections were performed in T4 tumors estimated to have invaded the lateral segment of the liver, pancreas, and transverse colon in four, two, and one patient(s), respectively. The pathologic response rate of the primary tumors was 78.8 %, which included grade 1a, 1b, 2, and 3 in 7, 10, 11, and 5 patients, respectively. Postoperative complications were observed in eight patients (24.2 %). Mortality and serious complications were not observed (Table 3) .
Postoperative chemotherapy
In this study, 28/33 patients received adjuvant chemotherapy after surgery. S-1-based regimens were selected in 25 patients (S-1 alone in 18, S-1 plus docetaxel in 4, S-1 plus cisplatin in 2, and DCS in 1 patient) and CPT-11 in 3 patients. The median number of postoperative S-1 chemotherapy courses was 8 (range 2-8), and the 1-year completion rate was 66.7 % (12/18).
Survival
Overall survival curves are shown in Fig. 2 . The MST for all patients was 21.7 months at a median follow-up duration of 20.7 months (range 16-137.3 months) (Fig. 2a) . In the 33 conversion therapy patients, the MST reached 47.8 months (95 % CI 28.0-88.5 months), with 1-, 3-, and 5-year OS rates of 97.0, 63.6, and 42.4 %, respectively, whereas the MST was 15.7 months (95 % CI 12.5-18.8 months) and the 1-, 3-, and 5-year OS rates were 65.9, 18.7, and 0 %, respectively, for the 67 patients who did not achieve conversion therapy (Fig. 2b) . During follow-up, recurrence was observed in 17/33 patients treated with conversion therapy. Recurrent sites included the peritoneum (n = 8), LNs (n = 4), lungs (n = 1), liver (n = 3), and brain and lungs (n = 1). Ten patients survived [5 years after conversion therapy. Among the 33 patients treated with surgery, 28 patients (84.8 %) who underwent R0 resection exhibited a 5-year OS rate of 48.6 % (MST, 47.9 months), while 5 patients who underwent R1 and R2 resections exhibited a rate of 0 % (MST 21.7 months) (Fig. 2c) . Accordingly, R0 resection led to significantly longer OS than R1 and R2 resections (P = 0.0002).
Among the 61 patients with distant LN metastases, LN involvement was the only incurable factor in 27 patients; of these, 9 patients (33.3 %, 9/27) achieved conversion therapy. In these patients, the recurrence rate was 30 %, with the MST not yet reached. DCS treatment led to conversions therapy in 6 patients among 29 patients (20.7 %) who had synchronous unresectable liver metastases. These six patients showed good prognosis, with an MST of 22 months. DCS treatment led to complete remission of the peritoneal metastasis in nine patients (9/33, 27.3 %), all of whom subsequently underwent surgery, achieving an MST of 28 months.
Multivariate analysis of clinical factors affecting the postoperative outcome
Univariate analyses revealed that downstaging (P = 0.012), R0 resection (P = 0.006), and pathological response (P = 0.006) affected survival among patients who underwent conversion therapy (n = 33). Other variables, such as the number of preoperative DCS courses and postoperative chemotherapy, were not significant prognostic factors. Multivariate analysis showed that pathological response (P = 0.009) was the only independent prognostic factor for conversion therapy (Table 4) .
Discussion
Recently, conversion therapy for gastric cancer has attracted considerable attention as a new therapeutic strategy [12] . However, evidence regarding whether conversion therapy can produce considerable survival benefits for patients with metastatic gastric cancer is lacking. To date, few reports of conversion therapy in gastric cancer exist, because this cancer is usually accompanied by diverse metastatic lesions, including liver, peritoneal, and LN lesions, and because no effective chemotherapy enables significant responses for metastatic lesions; thus, complete resection has been identified. Some retrospective analyses using S-1-based doublet regimens have reported good prognoses in conversion cases. Ishigami et al. reported the results of secondary gastrectomy in 18 patients using a combination of paclitaxel and S-1 [22] . The MST of the total 18 patients was 772 days, while the MST of the 13 patients who received R0 gastrectomy was 997 days. Kanda et al. described 28 stage IV gastric cancer patients who underwent surgery with curative intent after S-1-based chemotherapy, mainly S-1 plus cisplatin, and found that the 1-, 3-, and 5-year OS rates were 96.4, 53.3, and 34.3 %, respectively, with an MST of 37 months [14] . Moreover, Fukuchi et al. discussed 151 unresectable gastric cancer patients who received combination chemotherapy with S-1 plus cisplatin or paclitaxel, of whom 40 (26 %) underwent conversion surgery; the MST for these 40 patients was 53 months [13] .
We have previously reported that the DCS regimen showed a very high response rate (87.1 %) in patients with unresectable advanced gastric cancer [16, 17] . Another phase II study of DCS with a different treatment regimen also showed that this combination was highly effective (response rate, 81 %) [23] . Moreover, our phase II study of neoadjuvant DCS chemotherapy (2-4 cycles of DCS before surgery) for locally advanced resectable gastric cancer showed that the proportion of R0 resections in 43 eligible patients was 90.7 %, and pathological response was obtained in 65.9 % [18] , showing a much better therapeutic effect than other S-1-based regimens [24] . Therefore, DCS might be an appropriate regimen for conversion therapy.
In this study, we found that 33/100 patients (33 %) were able to undergo conversion therapy. The proportion of R0 resections in the 33 resected patients was 84.8 %, which was supported by the fact that our regimen had a high pathological response rate of 78.8 %. This high rate may have contributed to a relatively good prognosis, with an MST of 47.8 months and 5-year OS of 42.4 % in the conversion therapy cases. Moreover, we also demonstrated that conversion therapy could offer the possibility of 5-year long-term survival in 30.3 % (10/33) of patients, while there were no survivors at 5 years in non-conversion cases. Thus, overall 10 % (10/100) of patients with primarily unresectable metastases might be cured after DCS chemotherapy. This observation is important because these patients were originally considered for palliative chemotherapy, without any hope of long-term survival. Particularly, we found that conversion therapy was performed more often in patients with a good performance status or only one incurable factor ( Table 2) , indicating that such patients may represent potentially beneficial candidates for conversion therapy among all patients treated with the DCS regimen.
The degree of toxicity of preoperative chemotherapy is a critical problem because of potential adverse effects on operative morbidity and mortality. The DCS regimen was associated with a high incidence (72.7 %) of severe neutropenia in conversion therapy cases. However, febrile neutropenia occurred in only 6.1 % of cases, which were transient, manageable with granulocyte-colony stimulating factor administration, and underwent dose reductions, preventing recurrence of toxicity. Obviously, DCS treatment necessitates careful observation of toxicity patterns to prevent treatment-associated toxicities. As to postoperative complications, the incidence of complications (24.2 %) was similar to that in patients undergoing conventional radical surgery for gastric cancer, such as a complication incidence of 20.9 % in patients with D2 LN dissection and 28.1 % in patients undergoing extended operation with aortic LN dissection (JCOG9501) [25] . Taken together, these findings suggest that conversion therapy after DCS therapy is safe and feasible.
Patients with unresectable gastric cancers can be classified into the following groups: (1) solid organ (e.g., liver and lungs) metastases group, (2) peritoneal metastases group, (3) LN metastases group, and (4) T4 invasion to an adjacent organ group.
In general, group 3 or 4 patients with only one group of metastasis sites are potentially good candidates for resection, with major response to chemotherapy. In this study, DCS was found to be especially effective for LN metastases (group 3), which showed a good conversion rate with the MST not yet reached. Despite no consensus on whether distant LN involvement such as para-aortic lymph node (PAN) metastasis limited to no. 16a2/b1 (JGCA classification) should be regarded as resectable disease, some researchers have treated PAN metastasis as resectable disease and a neoadjuvant strategy target [26] . In fact, among the nine conversion cases with distant LN metastasis (the only incurable factor), seven patients had no. 16a2/b1 LN involvement. Therefore, the efficacy of conversion therapy might have been overestimated, including in cases with relatively limited PAN metastases. In unresectable T4 lesions including pancreas, colon, and liver invasion (group 4), we found a relatively high conversion rate of 50 % (7/ 14) and good survival (MST 76 M).
Conversely, group 1 and 2 patients falling in more than one metastasis group are generally considered truly inoperable or for a palliative setting. For group 1 patients, the prognosis of gastric cancer with concomitant liver metastasis is poor with a 5-year survival of \10 % [27, 28] . Despite curative hepatectomy, recurrence was previously reported in 62 % of patients, with most cases developing intrahepatic recurrence [29] , suggesting the presence of occult intrahepatic metastases even at the time of hepatectomy. Taken together, these results indicate the difficulty of obtaining a surgical cure in patients with hepatic metastases and the necessity of effective chemotherapy to eliminate possible metastases [30] . In the current study, conversion cases with liver metastases showed good prognosis, with an MST of 22 months, suggesting that patients can obtain survival benefits from this treatment. In group 2 patients, peritoneal metastasis is the most common non-curative factor for gastric cancer and is known to be relatively resistant to systemic chemotherapy. In fact, the MST in patients with peritoneal metastasis was reportedly only about 10 months in the JCOG 0106 study, using 5-FU plus methotrexate or 5-FU alone [31] . The DCS regimen, in which three effective drugs are administered as frontline treatment, is considered to be effective and feasible for the treatment of patients with peritoneal metastasis, because S-1 contains a dihydropyrimidine dehydrogenase inhibitor, which may be preferable for the treatment of peritoneal metastases, as these are commonly associated with high dihydropyrimidine dehydrogenase activity [32] . In addition, docetaxel has favorable characteristics such as high efficacy against diffuse-type adenocarcinoma and a high rate of transition into the peritoneal cavity for the treatment of peritoneal metastasis [33] . In fact, DCS treatment resulted in survival comparable to intravenous and intraperitoneal paclitaxel administration of oral S-1 therapy, which showed an MST of 26.4 months for conversion cases in a previous study [34] .
In Japan, postoperative adjuvant chemotherapy with S-1 is widely accepted as a standard treatment for patients with operable locally advanced gastric cancer. However, there is no consensus about the appropriate chemotherapeutic regimen, schedule, or duration of treatment for adjuvant chemotherapy after conversion therapy. In this study, 28/33 patients (84.8 %) received adjuvant chemotherapy, while 5/33 patients who achieved pathological complete response did not undergo adjuvant chemotherapy. Most patients received S-1 alone, while ten patients received a doublet regimen such as docetaxel plus S-1 or cisplatin plus S-1 as adjuvant chemotherapy, considering the patients' tolerability and pathological response. In the ACTS-GC trial, 66.4 % of patients received S-1 alone for 1 year [35] , while in the present study, we found that 66.7 % of patients continued to receive S-1 for 1 year, suggesting the feasibility of adjuvant S-1 therapy in conversion cases. Although adjuvant chemotherapy was not a significant prognostic factor in this study, further prospective studies may be needed to demonstrate whether adjuvant chemotherapy is required after conversion therapy.
An important objective of our study was to define which patients would benefit the most from conversion therapy.
Factors affecting survival among patients with conversion therapy in the univariate analyses included downstaging, R0 resection, and pathological response, with only the pathological response showing statistical significance in multivariate analysis, as reported in other retrospective studies [24] (Table 4) . This study is limited by its retrospective and exploratory nature. Moreover, our cohort had a relatively small population of patients with multiple metastatic sites. As conversion therapy was performed more often in patients with only one incurable factor, the possibility of conversion therapy could be overestimated in this cohort. The role of surgical resection in patients with complete or near complete response is debatable. Even in conversion cases with good response to DCS chemotherapy, residual cancer had to be histologically confirmed in most cases. Therefore, surgery may have contributed to improved overall survival. However, our results did not necessarily demonstrate that surgical resection per se improved final outcomes. Nevertheless, we demonstrate that surgery following preoperative DCS chemotherapy could be associated with a high complete resection rate and long-term survival, particularly in patients with a good pathological response.
Taken together, these results justify the need for a largescale randomized prospective study to determine whether conversion therapy leads to a better prognosis and to investigate the therapeutic usefulness of conversion therapy using DCS chemotherapy.
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